Although the figures illustrate only two characters each, an inference of hybridity should be based on the number of characters that are intermediate, and two characters would not be considered strong evidence. This is because it is possible for there to be
deviations from the ideal difference between phyletic and reticulate series, for at least three reasons.
(1) For any one character, a phyletic series may look like a reticulate series because there have been evolutionary changes in adjacent segments of the phylogeny. For instance, a species with small leaves might give rise to a second species with large leaves, and that second species might give rise to a third species with very large leaves. To resolve this uncertainty, examine many separate characters. A large number of characters is important because it is not reasonable to invoke the same directional trend in different characters. The distinctness of the characters is important because unrecognized pleiotropic or functional character correlations will mislead one into assuming more genetic intermediacy than actually exists.
(2) A reticulate series may deviate from the expected pattern when there is extreme dominance or epistasis. The expectation of intermediacy is based on an assumption that most alleles combine with a predominantly additive effect. To the extent that there is dominance or epistasis, it tends to hide reticulate series. Unless one knows the genetic basis of character expression (as for allozymes), nothing can be done about this problem since the same pattern results from divergence as from hybridity (see Rieseberg & al., 1988 for an analysis of molecular data). One simply must make an interpretation based on as many characters as possible. Inevitably, some characters will not be intermediate in any hybrid.
(3) Breeding past the F, generation, especially backcrossing, may alter a pattern of reticulate intermediacy. Recombination of alleles will to some extent (depending on the genetics), lead to the expression of parental rather than medial character states. Unless there is polyploidization, subsequent sexual reproduction tends to obscure reticulate series. The morphological approach discussed here works best for situations in which most of the hybrids are F, 's or polyploid derivatives (McDade, 1990 Funk, 1985); more complex origins might be better resolved by knowledge of molecular genetic markers throughout the ranges of the species involved. Despite these problems, systematists have a long record of successfully identifying hybrids as such. Morphological intermediacy has been a primary criterion. Important evidence has also come from cytology, sterility determinations, enzyme polymorphisms, teratology, micro-biogeography, and comparison against artificial hybrids (Wagner, 1983) . In documenting a case for hybridity, all of these forms of evidence can be valuable. In this paper, I will critique four methods of showing morphological intermediacy in terms of their ability to distinguish phyletic from reticulate series.
Data
I wrote two PASCAL programs. Each produces a data set. One program simulates divergence, and the other simulates hybridization. These simulations allow me to illustrate the methods to be discussed using data that can be thought of as coming from a known phyletic series and a known reticulate series.
The divergence program does the following. 
Principal components analysis
Principal components analysis is a method whereby the variance in a number of characters is resolved onto synthetic axes by taking into account the covariance between characters. The first principle components axis is made to explain all the variance that can be explained in one dimension, the second axis is made to explain the maximum amount remaining in a second independent dimension, and so on (Pimentel, 1979) . The PRINCOMP STD procedure of SAS (Anonymous, 1985) was used to determine the placement of individuals on the first two principal component axes based on standardized characters.
Position on the axes are plotted for the phyletic series in Fig. 5 , for the reticulate series with moderate dominance in Fig. 6 , and for the reticulate series with high dominance in Fig. 7 . In all three figures, there is a group that is intermediate between two other groups on the first axis. In the phyletic series and in the reticulate series with high dominance there is a separation of groups on the second as well as the first axis. The results for the two axes can be explained in sequence.
(1) In the phyletic series, characters covary because character changes accumulate in a lineage as evolution proceeds. Not only do they accumulate within a segment of a phylogeny -in Fig. 1 , the diagonal line between species A and B -they also accumulate through adjacent segments -through the two diagonals between species A and C. Thus, character differences between species A and B can be incorporated into the same axes as differences between species B and C, and for similar reasons one group is between two other groups in Fig. 5 . In a reticulate series, characters covary and hybrids are intermediate. Here again the three groups are separated on the first principal components axes, as shown in Fig. 6 and 7 . Thus, intermediacy on the first axis does not distinguish between hybridity and divergence.
(2) In a reticulate series in which every character conforms to idealized expectations (alleles of additive effect and no recombination), all useful characters will be correlated -the first axis will explain all the variance among groups, though the second axis will still explain variance among individuals within groups (Fig. 6) . In contrast, in a phyletic series, the second axis is important as well as the first axis (Fig. 5) . This reflects the fact that different characters separate the central species from each of the two end species. One might, then, suppose that principal components analysis can be useful in inferring hybridity not through intermediacy itself but through the sufficiency of the first axis. However, even in a reticulate series, the second axis will often be important in separating groups; this is because any kind of deviation from idealized expectations will lead to covariation that is independent of the differences between parents and the intermediacy of hybrids. For instance, the reticulate series with high dominance closely resembles the phyletic series (compare Fig. 5 and 7) . I do not recommend this technique, but, if principal components are used to infer hybridity, the evidence is the sufficiency of the first axis in separating groups, not mere intermediacy.
Principal components may be more useful in finding putatively hybridizing groups, locating the most likely parent of a known hybrid with several possible parents, or searching for possible backcrossed plants in a hybrid swarm (Wagner, 1983 
Character count procedure
The character count procedure is an approach that has never to my knowledge been codified in the way I will present it. It is, nevertheless, implicitly part of most papers claiming to show hybridity. The analysis proceeds by steps rather than being con- (Zar, 1984) . Table 1 In the systematics of hybrids and their parents, there are a series of increasingly difficult questions that might be addressed using a single data set but with different analyses: (1) Did a pattern of diversity arise through hybrid origin (hybridity)? (2) Has there been character recombination through backcrossing toward a parental species (introgression, narrowly defined)? (3) What are the frequencies of F,'s, backcrosses, etc. (the structure of a hybrid swarm)? Principal components, hybrid indices, and similar methods may be useful in analyzing introgression and swarm structure after one has already demonstrated that hybridization is involved to begin with. Unfortunately, methodological papers on this topic have not made it clear that the methods for showing introgression or swarm structure are not acceptable for showing hybridity itself, and that before even trying to show introgression or swarm structure it is necessary to first show hybridity (e.g., Anderson, 1949; Hatheway, 1962; Namkoong, 1966; Wells, 1980; Pimentel, 1981; Adams, 1982; Brockmann, 1987) .
In connection with this lack of clarity in the methodological literature, empirical reports frequently use analyses erroneously, or at least seem to. There are many instances in which a naive reader would think that hybrid indices or principal components were being used to demonstrate hybridity, and there are many instances where a better approach could have been used than was used (e.g., Kirkbride, 1976 Ness & al., 1990) . It is often unclear whether a multivariate analysis is being used (incorrectly) to show hybridity or whether hybridity has already been established in an earlier part of a paper and the multivariate analysis is being used to show introgression or swarm structure -authors would do well to declare their exact intentions. Although the presentation of evidence for hybridity often seems poor, reports of hybridity are probably nevertheless correct because researchers do understand intuitively the difference between character-by-character intermediacy and overall intermediacy.
